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SYSTEM AND METHOD FOR COUPLING INTERNAL CIRCUITRY OF AN 

INTEGRATED CIRCUIT TO THE INTEGRATED CIRCUIT'S PACKAGE PINS 

TECHNICAL FIELD 

[0001]   The present invention relates generally to packaging of integrated circuits 

(ICs), and more particularly to a system and method for coupling an IC's internal circuitry to one 

or more pins of the IC's package in a manner that minimizes the inductance of the coupling 

mechanisms (e.g., bondwires) used. 

BACKGROUND OF THE INVENTION 

[0002]   Circuitry is commonly packaged as an integrated circuit ("IC" or "chip"). 

For instance, internal circuitry (e.g., semiconductor devices) of an IC are typically electrically 

connected to pins (or leads) of the IC package by a process known as wire bonding. Generally, 

the wire bonding operation involves bonding wires to electrically connect pads residing on a die 

(the internal circuitry) to a pin (or "lead") of the IC package (or "lead frame"). The wire(s) may 

be bonded via any of a number of means, such as ultrasonic bonding, heat bonding, conductive 

glue bonding, or other suitable means. Once the wire bonding process is complete, the internal 

circuitry and bondwires are typically packaged in ceramic or plastic to form an integrated circuit 

device. Thus, bondwires are typically used to couple internal circuitry of the IC to pins of the 

IC's package to, for example, interface with external components. For instance, the IC's 

package pins may be electrically coupled (e.g., soldered) to a printed circuit board, as is well- 

known in the art. 

[0003]   One type of circuitry that may be implemented within an IC is a resonant 

frequency circuit. As used herein, a resonant frequency circuit refers to any circuitry that 

resonates at some frequency. As one example of a resonant frequency circuit, a Voltage 

Controlled Oscillator ("VCO") may be implemented within an IC for generating a signal having 

a desired frequency (based on the supplied voltage to the VCO). In some implementations, a 

resonant tank circuit may also be included. In general, a resonant tank circuit is a parallel 

combination of inductance ("L") and capacitance ("C") that determine the frequency ("RF") for 

a VCO. This frequency is given by the equation: / = }       . One or more VCOs may be 
27i     x C 

implemented on an IC to, for example, form a tuner that is operable to tune its RF frequency to a 
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desired frequency based on the parallel combination of L and C of a resonant tank circuit. 

Various other types of resonant frequency circuits that may be implemented in an IC include, 

without limitation, resonant filters, matching circuits, etc. 

[0004]   The resonant frequency circuit may be implemented internally within an IC 

package, and such internal circuit may be communicatively coupled to the IC package such that 

signals from the circuit may be output by a pin of the IC and/or input signals may be received at 

a pin of the IC and supplied to the circuit. That is, the circuitry (or "die") implementing the 

internal resonant frequency circuitry (such as a VCO and resonant tank) of an IC may have 

certain ones of its input/output signals communicatively coupled to the IC package, which may 

in turn have its pins coupled to other components. Traditionally, a communicative trace of the 

resonant frequency circuit is coupled to a pin of the IC package via the well-known wire-bonding 

technique mentioned above. That is, a bondwire is used for coupling a trace of the internal 

resonant frequency circuit to its corresponding pin of the IC package, and the pins of the IC 

package may in turn be coupled to external components/traces to enable signals to be 

communicated therebetween (e.g., to enable input signals to be received by the appropriate input 

pins of the IC, which may be supplied to its internal resonant frequency circuit over the 

corresponding bondwire, and to enable output signals generated by the internal resonant 

frequency circuit to be supplied to and output by the IC's corresponding output pins). 

[0005]   In general, it is desirable to reduce noise (e.g., phase noise, amplitude noise, 

etc.) in a resonant frequency circuit. In many instances, the electrical characteristics (e.g., 

resistance) imparted to a signal by the bondwire used for carrying such signal results in phase 

noise that must be accounted for (e.g., filtered, offset, etc.). In many instances, the bondwires 

that couple the IC package to the IC's internal circuitry (e.g., resonant frequency circuitry) are 

used to provide inductance to such internal circuitry. The amount of such inductance is 

traditionally dictated by the IC package dimensions (e.g., dictated by the length of and spacing 

between the bondwires required for coupling the IC package with its internal circuitry). Once 

these dimensions are known, a technique for minimizing noise of the internal circuitry may be 

determined (e.g., capacitance may be increased to reduce the inductance-to-capacitance ratio, 

which may minimize the resulting noise of an internal resonant frequency circuit). 

[0006]   For instance, when implementing a VCO with a resonant tank in the manner 

mentioned above, the Noise to Carrier Ratio (NCR) is defined as the thermal noise power of the 
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E k T 
tank divided by the signal power in the tank: NCR =   lhermal =   8 2 , where kB is known as the 

Boltzmann constant. Thus, as the capacitance across the tank is increased (assuming that the 

signal swing in the tank is constant), the noise relative to the carrier frequency is decreased. 

Assuming that the oscillator needs to operate at a specified frequency, the capacitance allowed 

for a given frequency is inversely related to the inductance of the tank, as shown by equations (1) 

and (2): 

Solving for the capacitance, C, 

[0007]   In general, more signal power reduces noise (e.g., phase noise in the above 

VCO). Thus, in the above VCO implementation, if the resonant tank inductance could be 

reduced, then the capacitance could be increased while still maintaining the same oscillation 

frequency. That is, for optimizing the phase noise of the VCO, it may be desirable to decrease 

the tank inductance and increase the capacitance in order to achieve a particular resonant 

frequency, while allowing more current to be supplied to the resonant tank. 

[0008]   As mentioned above, bondwires are traditionally used to produce the 

inductance of the resonant tank in such an implementation, and thus the chip and package 

dimensions dictate the inductance of the tank. That is, the capacitors, varactors, etc. of the VCO 

and resonant tank may be implemented on-chip (in circuitry internal to the IC package), and 

bondwires coupled from this internal circuitry to the IC package are used for supplying the 

inductance. This type of implementation limits how much inductance is supplied because it is 

fixed by the package dimensions and the dimensions of the die. So, this implementation 

provides limited flexibility. As mentioned above, the inductance is fixed (e.g., based on the 

package dimensions), and so the capacitance that is required in order to obtain the desired 

frequency is then set. Of course, that may not be the optimum ratio of inductance and 

capacitance. 

[0009]   Again, increased signal power reduces the phase noise of the oscillator. 

Thus, to improve phase noise more signal power may be supplied to the resonant tank by 
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increasing the capacitance and decreasing the inductance for a given output frequency. That is, 

for a desired (fixed) output frequency range, the phase noise may be improved by improving the 

L to C ratio. More specifically, by reducing the inductance (L), the capacitance (C) can be 

increased, which improves the phase noise of the resonant frequency circuit (VCO in this 

example). 

BRIEF SUMMARY OF THE INVENTION 

[0010]   The present invention is directed to a system and method for coupling 

internal circuitry of an integrated circuit (IC) with the IC's package. More specifically, certain 

embodiments are directed to coupling mechanisms (e.g., bondwires) that are used for providing 

inductance for internal circuitry, such as a resonant tank circuitry of an IC. As described further 

herein, coupling techniques are provided for reducing the amount of inductance provided by such 

coupling mechanisms. 

[00111   In accordance with certain embodiments, a technique is provided for 

communicatively coupling internal circuitry, such as resonant frequency circuitry (e.g., a 

resonant tank), of an IC with pins of the IC's package in a manner that minimizes the inductance 

of such coupling. In certain embodiments, more than two bondwires are coupled to an 

electrically common interface (e.g., one IC package pin or a plurality of IC package pins that are 

electrically coupled together), wherein the bondwires are used for carrying a signal of the 

internal circuitry of the IC. More particularly, in certain implementations the bondwires are used 

as inductors for the internal circuitry (e.g., resonant tank circuitry) of the IC. The bondwires 

carry signals of different polarities. For instance, as one example implementation, three 

bondwires may be used for coupling the internal circuitry to an electrically common interface, 

wherein two of the three bondwires carry a signal of a first polarity and the third bondwire 

carries a signal of an opposite polarity. As another example, four bondwires may be used for 

coupling the internal circuitry to an electrically common interface, wherein two of the bondwires 

carry a signal of a first polarity and two of the bondwires carry a signal of an opposite polarity. 

Based on the relative arrangement of the bondwires, the mutual inductance between the such 

bondwires may effectively reduce the inductance. For example, the bondwires may be arranged 

to interleave the signal polarities carried thereby such that the inductance of each of the plurality 

of bondwires will essentially cancel each other to some extent (or counteract each other), thereby 

reducing the inductance of the internal circuit. 
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[0012]   In certain embodiments, this coupling technique is distributed across a 

plurality of IC package pins that are electrically coupled together. For instance, two bondwires 

may be coupled from the internal circuitry to a first IC package pin, and two bondwires may be 

coupled from the internal circuitry to a second IC package pin. The two bondwires coupled to 

each IC package pin may carry signals of opposite polarity. That is, the two bondwires coupled 

to the first IC package pin may each carry signals of opposite polarity, and the two bondwires 

coupled to the second IC package pin may each carry signals of opposite polarity. Further, the 

two IC package pins may be arranged side-by-side (i.e., may be "neighbor" pins of the IC 

package), and the bondwires may be arranged to interleave the signal polarity carried thereby 

across both of the pins. Thus, neighboring ones of the four bondwires may carry signals of 

opposite polarities such that the inductance across all four of the bondwires is minimized. The 

two pins may be electrically coupled together within the IC's package or external to such 

package (e.g., the pins may be electrically coupled together by traces on a printed circuit board to 

which the IC is coupled), as examples. 

[0013]   Embodiments of the present invention are particularly applicable for 

circuitry that uses the coupling mechanisms (e.g., bondwires) as inductors in a resonant tank, 

such as is commonly used in filters or oscillators. Ideally, in such implementations, there should 

be no signal transmitted off of the IC through the bondwires that are used as inductors. As 

described further herein, the coupling technique of embodiments of the present invention enable 

the effective inductance of such bondwires to be reduced, thereby allowing for a reduction in 

noise (e.g., phase noise of an oscillator) to be achieved. That is, the coupling technique of 

embodiments of the present invention enable reduction in inductance provided to the tank 

circuitry, which allows the capacitance to be increased such that increased power is supplied to 

the tank, which improves the noise of the IC's internal resonant frequency circuit (e.g., oscillator, 

filter, etc.). More particularly, the embodiments described herein provide various coupling 

techniques that allow greater flexibility in controlling the L to C ratio within an IC that uses 

bondwires as inductors. Rather than the L to C ratio being fixed based on the IC's dimensions, 

greater flexibility in controlling the L (and thus the L to C ratio) is provided. As an example, for 

an IC of given dimensions, coupling bondwires across a plurality of pins that are electrically 

coupled together with the bondwires arranged to interleave opposing polarities of signals carried 

thereby provides the ability to further reduce the inductance of such bondwires beyond that of 

traditional coupling techniques for the IC of such given dimensions. 
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[0014]   According to at least one embodiment, an IC is provided that comprises 

internal circuitry, and a package having at least two pins. The IC further comprises a first carrier 

communicatively coupling the internal circuitry with a first one of the at least two pins, wherein 

the first carrier carries a signal of a first polarity; and a second carrier communicatively coupling 

the internal circuitry with the first one of the at least two pins, wherein the second carrier carries 

a signal of a polarity opposite the first polarity. The IC further comprises a third carrier 

communicatively coupling the internal circuitry with a second one of the at least two pins, 

wherein the third carrier carries a signal of the first polarity; and a fourth carrier 

communicatively coupling the internal circuitry with the second one of the at least two pins, 

wherein the fourth carrier carries a signal of a polarity opposite the first polarity. As described 

further herein, the carriers may be bondwires, as examples. Also, in certain embodiments, the 

internal circuitry comprises resonant frequency circuitry. In some implementations such 

resonant frequency circuitry uses the carriers as inductors. For instance, in certain 

implementations, the resonant frequency circuitry comprises a resonant tank circuit that uses the 

carriers as inductors. Further, in certain embodiments, the pins are electrically coupled together. 

[0015]   According to at least one embodiment, a method is provided that comprises 

coupling a first carrier from an internal resonant frequency circuitry of an integrated circuit to an 

electrically common interface of the integrated circuit's package, wherein the first carrier is 

arranged to carry signals of a first polarity. The method further comprises coupling a second 

carrier from the internal resonant frequency circuitry of the integrated circuit to the electrically 

common interface of the integrated circuit's package, wherein the second carrier is arranged to 

carry signals of a polarity opposite the first polarity. The method further comprises coupling a 

third carrier from the internal resonant frequency circuitry of the integrated circuit to the 

electrically common interface of the integrated circuit's package, wherein the third carrier is 

arranged to carry signals of the first polarity. Again, in certain embodiments, the carriers may be 

bondwires, and in certain embodiments, the resonant frequency circuitry of the IC comprises a 

resonant tank circuit that uses the carriers as inductors. Also, in certain embodiments, the 

electrically common interface comprises a plurality of pins of the IC that are electrically coupled 

together. 

[0016]   According to at least one embodiment, a system comprises resonant tank 

circuitry implemented in a package that provides a plurality of interface means that are 
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electrically coupled together. For example, such plurality of interface means may be a plurality 

of pins of an IC package. The system further comprises a first coupling means (e.g., a first 

bondwire) for communicatively coupling the resonant tank circuitry to one of the plurality of 

interface means, wherein the first coupling means carries a signal of a first polarity. And, the 

system comprises a second coupling means (e.g., a second bondwire) for communicatively 

coupling the resonant tank circuitry to one of the plurality of interface means, wherein the second 

coupling means carries a signal of polarity opposite the first polarity. In certain embodiments, 

the first and second coupling means (e.g., bondwires) are used as inductors for the resonant tank 

circuitry. 

[0017]   According to at least one embodiment, a system comprises internal circuitry 

implemented in a package that provides a plurality of pins. The system further comprises a first 

plurality of carriers communicatively coupling the internal circuitry to a first one of the plurality 

of pins. The first plurality of carriers are used as inductors for the internal circuitry, and at least 

one of the first plurality of carriers carries a signal of a first polarity (e.g., positive polarity) and 

at least one other of the first plurality of carriers carries a signal of polarity opposite the first 

polarity (e.g., negative polarity). The system further comprises a second plurality of carriers 

communicatively coupling the internal circuitry to a neighboring pin of the first pin. The second 

plurality of carriers are used as inductors for the internal circuitry, and at least one of the second 

plurality of carriers carries a signal of the first polarity and at least one other of the second 

plurality of carriers carries a signal of polarity opposite the first polarity. The first and second 

plurality of carriers are arranged to interleave the polarities of signals carried thereby. In certain 

embodiments, the internal circuitry comprises resonant tank circuitry, for example. In certain 

embodiments, the first and neighboring pins are electrically coupled together. 

[0018]   The foregoing has outlined rather broadly the features and technical 

advantages of the present invention in order that the detailed description of the invention that 

follows may be better understood. Additional features and advantages of the invention will be 

described hereinafter which form the subject of the claims of the invention. It should be 

appreciated that the conception and specific embodiment disclosed may be readily utilized as a 

basis for modifying or designing other structures for carrying out the same purposes of the 

present invention. It should also be realized that such equivalent constructions do not depart 

from the invention as set forth in the appended claims. The novel features which are believed to 
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be characteristic of the invention, both as to its organization and method of operation, together 

with further objects and advantages will be better understood from the following description 

when considered in connection with the accompanying figures. It is to be expressly understood, 

however, that each of the figures is provided for the purpose of illustration and description only 

and is not intended as a definition of the limits of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019]   For a more complete understanding of the present invention, reference is 

now made to the following descriptions taken in conjunction with the accompanying drawing, in 

which: 

[0020]   FIGURE 1 shows an example implementation of coupling internal circuitry 

of an IC to the IC's package pins according to one embodiment; 

[0021]   FIGURE 2 shows an example implementation of coupling an IC's internal 

resonant frequency circuitry to the IC package pins according to one embodiment; 

[0022]   FIGURE 3 shows an example circuit diagram that logically illustrates the 

operation of the example connection scheme of FIGURE 1; 

[0023]   FIGURE 4 shows an example implementation of coupling an IC's internal 

circuitry to the IC's package pins according to an alternative embodiment; 

[0024]   FIGURE 5A shows an example of a differential VCO circuit coupled to the 

IC's package pins according to a traditional coupling technique; 

[0025]   FIGURE 5B shows an example of the differential VCO circuit of FIGURE 

5A coupled to the IC's package pins according to a coupling technique of one embodiment of the 

present invention; and 

[0026]   FIGURE 6 shows an example flow diagram for coupling an IC's internal 

circuitry to the IC's package pins in accordance with one embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0027]   In accordance with certain embodiments, a technique is provided for 

communicatively coupling internal circuitry of an IC with pins of the IC's package in a manner 

that minimizes the inductance of such coupling. As described further below, in certain 

embodiments more than two bondwires are coupled to an electrically common interface (e.g., 

one IC package pin or a plurality of IC package pins that are electrically coupled together), 

wherein the bondwires are used for carrying a signal of the internal circuitry of the IC. The 

bondwires carry signals of different polarities. For instance, as one example implementation, 

three bondwires may be used for coupling the internal circuitry to an electrically common 

interface, wherein two of the three bondwires carry a signal of a first polarity and the third 

bondwire carries a signal of an opposite polarity. As another example, four bondwires may be 

used for coupling the internal circuitry to an electrically common interface, wherein two of the 

bondwires carry a signal of a first polarity and two of the bondwires carry a signal of an opposite 

polarity. Based on the relative arrangement of the bondwires, the mutual inductance between the 

such bondwires may effectively reduce the inductance. For example, the bondwires may be 

arranged to interleave the signal polarities carried thereby such that the inductance of each of the 

plurality of bondwires will essentially cancel each other to some extent (or counteract each 

other), thereby reducing the inductance of the internal circuit. 

[0028]   In certain embodiments, this coupling technique is distributed across a 

plurality of IC package pins that are electrically coupled together. For instance, two bondwires 

may be coupled from the internal circuitry to a first IC package pin, and two bondwires may be 

coupled from the internal circuitry to a second IC package pin. The two bondwires coupled to 

each IC package pin may carry signals of opposite polarity. That is, the two bondwires coupled 

to the first IC package pin may each carry signals of opposite polarity, and the two bondwires 

coupled to the second IC package pin may each carry signals of opposite polarity. Further, the 

two IC package pins may be arranged side-by-side (i.e., may be "neighbor" pins of the IC 

package), and the bondwires may be arranged to interleave the signal polarity carried thereby 

across both of the pins. Thus, neighboring ones of the four bondwires may carry signals of 

opposite polarities such that the inductance across all four of the bondwires is minimized. The 

two pins may be electrically coupled together within the IC's package or external to such 

25373085.1 
9 



DocketNo.:  49581/P042US/I0315832 

package (e.g., the pins may be electrically coupled together by traces on a printed circuit board to 

which the IC is coupled), as examples. 

[0029]   In certain embodiments the bondwires are used as inductors for the internal 

circuitry of the IC. Embodiments provided herein provide an arrangement of such bondwires 

that minimizes the inductance. Embodiments of the present invention are particularly applicable 

for ICs having internal circuitry that comprise resonant frequency circuitry. As mentioned 

above, a resonant frequency circuitry refers to any circuitry that resonates at some frequency. 

Examples of resonant frequency circuits include, without limitation, oscillators (e.g., voltage- 

controlled oscillators, differential oscillators, etc.), resonant tanks (e.g., differential resonant 

tank), resonant filters, matching circuits, etc. 

[0030]   FIGURE 1 shows an example implementation according to one 

embodiment for communicatively coupling an IC's internal circuitry to the IC's package pins. 

As shown, an IC 100 includes an internal circuitry portion 101 (e.g., a die) and a package portion 

102. In this example, internal circuitry portion 101 includes resonant frequency circuit 103, such 

as a VCO and tank, etc. Package 102 includes pins, such as pins 108 and 109, that may be used 

for coupling the IC to an external component, such as to a printed circuit board (PCB) 116 in the 

example of FIGURE 1. That is, pins 108 and 109 provide an interface for communicatively 

coupling IC 100 to external components, as is well-known. As shown, pins 108 and 109 are 

electrically coupled together (on board 116). Thus, pins 108 and 109 provide an electrically 

common interface. While pins 108 and 109 are electrically coupled on board 116 in this 

example, in other implementations they may be electrically coupled together within package 102. 

[0031]   As described further below, in the example of FIGURE 1, two bondwires 

are coupled to each of pins 108 and 109, wherein the two bondwires coupled to each pin provide 

opposite polarities. That is, the two bondwires coupled to pin 108 each carry signals of opposite 

polarities, and the two bondwires coupled to pin 109 each carry signals of opposite polarities. 

Further, the bondwires are arranged in an interleaved manner to alternate the signal polarities 

(i.e., positive-negative-positive-negative) across both of pins 108 and 109. This arrangement 

maximizes the negative mutual inductance terms resulting in a significantly lower tank 

inductance. 

25373085.1 
10 



Docket No.: 49581/P042US/10315832 

[0032]   The example of FIGURE 1 shows an implementation suitable for a 

differential oscillator being implemented in resonant frequency circuit 103. With such a 

differential oscillator, two inductors are provided. Running two bondwires per inductor 

translates into running a total of four bondwires to establish the resonant tank. Unfortunately, 

most IC packages do not tolerate more than two bondwires to the same package pin. Thus, in 

order to run double bondwires for a differential tank, two IC package pins, pins 108 and 109, are 

used in this example. Of course, for certain other types of resonant frequency circuits a different 

number of IC package pins may be used. For instance, in certain implementations, a single IC 

package pin, such as pin 108, may be used for coupling with the internal resonant frequency 

circuit 103 of the IC, and a plurality of bondwires (e.g., bondwires 110-113) carrying signals of 

different polarities may be used for this coupling. For example, if an IC package tolerates more 

than two bondwires to be coupled to a given pin, then three or more bondwires may be coupled 

to such pin, which may reduce the overall number of pins utilized. In certain other 

implementations, such as the example described below in connection with FIGURE 2, more than 

two IC package pins may be used for coupling with the internal resonant frequency circuit 103 of 

the IC. 

[0033]   With respect to the example of FIGURE 1, how the two package pins 108 

and 109 and four bondwires 110-113 are configured can vary a great deal. If one polarity of the 

differential tank of resonant frequency circuit 103 is bonded to one pin (e.g., pin 108) and the 

other polarity bonded to the second pin (e.g., pin 109), then the inductance of the pin itself is 

added to the two parallel bondwires. Unfortunately, the mutual inductance between the two 

parallel bondwires will make the effective inductance be higher than the parallel combination of 

the two self-inductances. If, however, both polarities of the differential tank of resonant 

frequency circuit 103 are bonded to each pin, the mutual inductance of the two bondwires makes 

the effective inductance of the bondwires smaller. Further, if the bondwires 110-113 are 

interleaved so as to alternate polarities across those bondwires (i.e., positive-negative-positive- 

negative), as in the example of FIGURE 1, this maximizes the negative mutual inductance terms 

resulting in a significantly lower tank inductance. 

[0034] In the example of FIGURE 1, bondwires 110 and 111 couple internal pads 

104 and 105, respectively, to pin 108, and bondwires 112 and 113 couple internal pads 106 and 

107, respectively, to pin 109. A signal 114 of a first polarity (positive (+) polarity) of resonant 

25373085.1 
11 



Docket No.:  49581 /P042US/10315832 

frequency circuit 103 is supplied to internal pads 104 and 106, and a signal 115 of an opposite 

polarity (negative (-) polarity) of resonant frequency circuit 103 is supplied to internal pads 105 

and 107. Thus, regarding the two bondwires coupled to pin 108, bondwire 110 carries signal 114 

of positive polarity, while bondwire 111 carries signal 115 of negative polarity. Similarly, 

regarding the two bondwires coupled to pin 109, bondwire 112 carries signal 114 of positive 

polarity, while bondwire 113 carries signal 115 of negative polarity. Again, by having opposite 

polarities of the differential tank bonded to each pin, the mutual inductance of the two bondwires 

reduces the effective inductance of the bondwires. Further, by interleaving the alternating 

polarities (i.e., positive-negative-positive-negative) across pins 108 and 109 in the example 

arrangement of FIGURE 1, the negative mutual inductance terms are maximized, thus resulting 

in a significantly lower tank inductance. As a result of reducing the inductance (L), the L:C ratio 

is decreased, thus effectively increasing power to the resonant frequency circuit 103, which 

minimizes phase noise. 

[0035]   While various embodiments are described herein for coupling an IC's 

internal resonant frequency circuit (such as circuit 103 of FIGURE 1) to the IC's package pins 

(such as pins 108 and 109 of FIGURE 1), such embodiments are particularly applicable for 

circuitry that uses the coupling mechanisms (e.g., bondwires) as inductors in a resonant tank, 

such as is commonly used in filters or oscillators. That is, in preferred embodiments, resonant 

frequency circuit 103 includes a resonant tank that uses bondwires 110-113 as inductors. Ideally, 

in such implementations, there should be no signal transmitted off of the IC through the 

bondwires that are used as inductors (bondwires 110-113 in FIGURE 1). As described further 

herein, the coupling technique of embodiments of the present invention enable the effective 

inductance of such bondwires to be reduced, thereby allowing for a reduction in noise to be 

achieved. 

[0036]   FIGURE 2 shows an example implementation of coupling internal circuitry 

to the IC package pins according to one embodiment. In this example of FIGURE 2, more than 

two IC package pins are used for coupling with the internal circuit of the IC. As with the 

example of FIGURE 1, two bondwires are coupled to each of the IC package pins, and the 

bondwires coupled to each IC package pin carry signals of opposite polarities. Further, this 

example arranges the bondwires such that the polarity of the signals carried alternates with each 

bondwire, such that the neighboring bondwire(s) of any given bondwire carry signals of opposite 
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polarity relative to the polarity of the signal carried by the given bondwire, as described further 

below. 

[0037]   In FIGURE 2, IC 200 includes an internal circuitry portion 201 (e.g., a die) 

and a package portion 202. In this example, internal circuitry portion 201 includes resonant 

frequency circuit 203, such as a VCO and tank, etc. Package 202 includes pins, such as pins 

212-215, that may be used for coupling the IC to an external component, such as to a printed 

circuit board (PCB) 226 in the example of FIGURE 2. In this example, pins 212-215 are 

neighboring pins, arranged side-by-side in package 202, and pins 212-215 are all electrically 

coupled together (e.g., on board 226), as shown. Thus, pins 212-215 provide an electrically 

common interface. While pins 212-215 are coupled together externally (on board 226) in this 

example, they may be coupled internal to IC 200 (e.g., within package 202) in other 

implementations. As described further below, in this example, two bondwires are coupled to 

each of pins 212-215, wherein the two bondwires coupled to each pin provide opposite polarities. 

Further, the bondwires are arranged in parallel interleaving the polarities of signals carried 

thereby (i.e., positive-negative-positive-negative) across all of pins 212-215. This arrangement 

maximizes the negative mutual inductance terms resulting in a significantly lower tank 

inductance. 

[0038]   In the example of FIGURE 2, bondwires 216 and 217 couple internal pads 

204 and 205, respectively, to pin 212; bondwires 218 and 219 couple internal pads 206 and 207, 

respectively, to pin 213; bondwires 220 and 221 couple internal pads 208 and 209, respectively, 

to pin 214; and bondwires 222 and 223 couple internal pads 210 and 211, respectively, to pin 

215. A signal 224 of a first polarity (positive (+) polarity) of resonant frequency circuit 203 is 

supplied to internal pads 204, 206, 208, and 210, and a signal 225 of an opposite polarity 

(negative (-) polarity) of resonant frequency circuit 203 is supplied to internal pads 205, 207, 209 

and 211. Thus, regarding the two bondwires coupled to pin 212, bondwire 216 carries signal 224 

of positive polarity, while bondwire 217 carries signal 225 of negative polarity. The two 

bondwires coupled to each of pins 213-215 similarly carry signals of opposite polarities. Again, 

by having opposite polarities of the differential tank bonded to each pin, the mutual inductance 

of the two bondwires reduces the effective inductance of the bondwires. Further, by interleaving 

the polarities (i.e., positive-negative-positive-negative) across pins 212-215 in the example 

arrangement of FIGURE 2, the negative mutual inductance terms are maximized, thus resulting 
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in a significantly lower tank inductance. As a result of reducing the inductance (L), the L:C ratio 

is decreased, thus effectively increasing power to the resonant frequency circuit 203, which 

minimizes phase noise. 

[0039]   FIGURE 3 shows an example circuit diagram that logically illustrates the 

operation of the example connection scheme of FIGURE 1. That is, the example circuit diagram 

of FIGURE 3 is provided to illustrate an example circuit equivalent of the bondwire connection 

scheme of FIGURE 1 to further illuminate how the inductance of such bondwire connection is 

minimized. Power source 301 sets the common mode quiescent point tankcm signal 317 around 

which the differential signal (comprised of the difference in potential between signals tank+ 

signal 302 and tank- signal 312) oscillates. Power source 315 sets the quiescent point for biasing 

the bases of transistors 310 and 311. Inductors 303, 304, 305, and 306 correspond to bondwires 

110, 111, 112, and 113 of FIGURE 1, respectively. 

[0040]   In one state, all of the energy in the resonant tank is stored as charge across 

the capacitive elements of the resonant tank (i.e. capacitors 307, 308, and 309) with the voltage 

of tank+ signal 302 being larger than the voltage of tank- signal 312. In this state, current begins 

to flow through inductors 303, 304, 305 and 306. The current will peak (as all of the energy is 

now stored in the inductors) when the voltage across the capacitive elements of the resonant tank 

(capacitors 307, 308, and 309) is zero (meaning no net charge is stored on the capacitors). At 

this point, the magnitude of the current flowing in the inductive elements of the resonant tank 

(inductors 303, 304, 305, and 306) will begin to decrease, but the sign of the current will not 

change. While this energy is being transferred through the inductors (essentially from one side 

of the capacitor to the other), the signal current is flowing into the dot of inductors 304 and 306 

and out of the dot of inductors 303 and 305. In this configuration, the sign of the induced 

voltage between inductors 303 and 304 caused by their mutual inductance would be negative 

(because the current is flowing into the dot in one inductor and out of the dot in the other 

inductor). Likewise, the sign of the induced voltage between inductor neighboring pairs 

305/306, 304/305, and 303/306 caused by their mutual inductance would be negative. 

Contrarily, the induced voltage between inductor pairs 303/305 and 304/306 would be positive 

(since the current in both inductors of each pair flows either into or out of the dot). The 

magnitude, however, of the induced voltage is proportional to the mutual inductance between a 

pair of inductors which is the product of a coupling factor, k, that is between zero and unity and 
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the geometric mean of the two inductors. Since the inductors in the resonant tank can generally 

be assumed to be approximately equal (the analysis is unchanged if they are not nearly equal, but 

the equations become more complex), the mutual inductance is simply a product of the coupling 

factor, k, and the value of one of the inductors. The coupling factor represents the amount of 

magnetic flux shared between the two inductors, and decreases with the distance between the 

inductors. Thus, the mutual inductance is greatest between the physically closest inductor pairs 

(e.g. 303/304, 304/305, and 305/306). Consequently, the negative mutual inductance terms are 

greater in magnitude and quantity than the positive mutual inductance terms, resulting in an 

effective negative mutual inductance. The mutual inductance, therefore, directly reduces the 

effective differential inductance (the sum of all of the mutual and self inductances) between 

tank+ signal 302 and tank- signal 312. 

[0041]   When all of the charge stored on capacitors 307, 308, and 309 has moved 

to the other side of the capacitor (e.g. from tank+ signal 302 to tank- signal 312 such that the 

voltage at tank- signal 312 is greater than the voltage at tank+ signal 302), the current reverses 

polarity and begins to transfer the charge back to the other side of the capacitors (tank+ signal 

302). Again, the current peaks when the voltage across the capacitive elements is zero and then 

decreases until all of the charge is again stored on the capacitive elements at which point the 

circuit has returned to the initial state as described above (namely that all of the energy in the 

resonant tank is stored as charge across the capacitive elements and that the voltage of tank+ 

signal 302 is larger than the voltage of tank- signal 312). While the energy is being transferred 

through the inductors, the signal current is flowing out of the dot of inductors 304 and 306 and 

into the dot of inductors 303 and 305. In this configuration, the sign of the induced voltage 

between inductors 303 and 304 caused by their mutual inductance would be negative (because 

the current is flowing into the dot in one inductor and out of the dot in the other inductor). 

Likewise, the sign of the induced voltage between inductor pairs 305/306, 304/305, and 303/304 

caused by their mutual inductance would be negative. Contrarily, the induced voltage between 

inductor pairs 303/305 and 304/306 would be positive (since the current in both inductors of 

each pair flows either into or out of the dot). The magnitude, as mentioned above, of the mutual 

inductance is greatest between the physically closest inductor pairs (e.g. 303/304, 304/305, and 

305/306). Again, as above, the negative mutual inductance terms are greater in magnitude and 

quantity than the positive mutual inductance terms, resulting in an effective negative mutual 

inductance. The mutual inductance, therefore, directly reduces the effective differential 
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inductance (the sum of all of the mutual and self inductances) between tank+ signal 302 and 

tank- signal 312. 

[0042]   Transistors 310 and 311 supply current to overcome the resistive losses in 

the resonant tank (comprised of inductors 303, 304, 305, and 306 and capacitors 307, 308, and 

309). The amplitude of the oscillation is controlled by the voltage source 315 and the variable 

resistor 316 which limit the maximum amount of current that the transistors can supply to the 

resonant tank. Capacitors 308 and 309, in addition to comprising a part of the resonant tank, 

isolate the bases of transistors 310 and 311 from the output thus allowing more flexibility in the 

quiescent bias and reducing sensitivity to mismatch between transistors 310 and 311. 

[0043]   FIGURE 4 shows an example implementation of coupling internal circuitry 

to the IC package pins according to an alternative embodiment. In this example of FIGURE 4, 

two IC package pins are used for coupling with the internal circuit of the IC, as with the example 

of FIGURE 1. Further, as with the example of FIGURE 1, two bondwires are coupled to each of 

the IC package pins, and the bondwires coupled to each IC package pin carry signals of opposite 

polarities. However, in this example, the bondwires are not arranged such that the polarity of the 

signals carried alternates with each bondwire (i.e., the polarities are not interleaved across all of 

the bondwires). That is, the neighboring bondwire(s) of any given bondwire do not carry signals 

of opposite polarity relative to the polarity of the signal carried by the given bondwire. 

[0044]   In FIGURE 4, IC 400 includes an internal circuitry portion 401 (e.g., a die) 

and a package portion 402. In this example, internal circuitry portion 401 includes resonant 

frequency circuit 403, such as a VCO and tank, etc. Package 402 includes pins, such as pins 408 

and 409, that may be used for coupling the IC to an external component, such as to a printed 

circuit board (PCB) 416 in the example of FIGURE 4. Pins 408 and 409 are electrically coupled 

together (e.g., on board 416), as shown, and thus provide an electrically common interface. As 

described further below, in this example, two bondwires are coupled to each of pins 408 and 409, 

wherein the two bondwires coupled to each pin provide opposite polarities. More specifically, in 

the example of FIGURE 4, bondwires 410 and 411 couple internal pads 404 and 405, 

respectively, to pin 408. Similarly, bondwires 412 and 413 couple internal pads 406 and 407, 

respectively, to pin 409. A signal 414 of a first polarity (positive (+) polarity) of resonant 

frequency circuit 403 is supplied to internal pads 404 and 406, and a signal 415 of an opposite 

polarity (negative (-) polarity) of resonant frequency circuit 403 is supplied to internal pads 405 
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and 407. Thus, regarding the two bondwires coupled to pin 408, bondwire 410 carries signal 414 

of positive polarity, while bondwire 411 carries signal 415 of negative polarity. Regarding the 

two bondwires coupled to pin 409, bondwire 412 carries signal 415 of negative polarity, while 

bondwire 413 carries signal 414 of positive polarity. 

[0045]   While this configuration may result in reduced far-field coupling (which 

may be desirable in some applications), the mutual inductance between the two middle 

bondwires (411, 412) is now positive which makes the effective inductance of the inner 

bondwires (411,412) larger than in the configuration of FIGURE 1. The mutual inductance of 

the inner pair cancels the contributions of the mutual inductances of the outer pairs leaving 

almost all of the self inductances of bondwires 411 and 412. The outer pair of bondwires (410, 

413) will be reduced by the full mutual inductance. This will usually result in a significant 

imbalance in the inductance between the positive signal 414 and negative signal 415. This 

imbalance could result in elevated even harmonics of the fundamental frequency (which are 

normally suppressed by the differential nature of the oscillator) 

[0046]   FIGURE 5A shows an example of a differential VCO circuit coupled to the 

IC's package pins according to a prior coupling technique. FIGURE 5B shows an example of 

the differential VCO circuit of FIGURE 5A coupled to the IC's package pins according to a 

coupling technique of one embodiment of the present invention (i.e., the example coupling 

technique of FIGURE 1). Thus, FIGURES 5A-5B provide a comparison of a prior wirebonding 

technique used for providing an inductor for a differential VCO circuit with the example 

technique shown in FIGURE 1. In FIGURES 5A-5B, typical values for the length (/) of and 

distance (d) between the bondwires are 1.5 mm and 0.5 mm, respectively. Increasing the length / 

of the bondwires increases the self inductance of the bondwires and also increases the mutual 

inductance between the bondwires. Increasing the distance d between the wires decreases the 

mutual inductance between the bondwires. 

[0047]   Turning first to FIGURE 5A, an example of an IC 500 that comprises 

internal differential VCO circuitry 506 is shown. As shown, internal differential VCO circuitry 

506 is coupled to IC package pin 501. More specifically, die pads 504 and 505 are coupled via 

bondwires 502 and 503, respectively, to IC package pin 501. Bondwires 502 and 503 are used as 

inductors for the differential VCO circuit 506. 
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[0048]   In the traditional configuration of FIGURE 5 A, assuming the bondwire 

inductance (L) is the equivalent of 1.2 nH and an oscillation frequency (fosc) of 2 GHz is desired, 

the required capacitance in the tank would be approximately 2.64 pF. If the peak voltage (VPK) 

across the capacitor were driven to 1 V, the peak current (IPK) in the inductor would be 66 mA. 

[0049]   FIGURE 5B shows an example in which the internal differential VCO 

circuitry is coupled to the IC package pins using the technique of FIGURE 1. More specifically, 

FIGURE 5B shows an example IC 100A that includes differential VCO circuitry 103A. Thus, 

differential VCO circuitry 103 A provides an example of the resonant frequency circuitry 103 of 

FIGURE 1. As shown, and as further described above with FIGURE 1, internal differential 

VCO circuitry 103A is coupled to IC package pins 108 and 109. More specifically, die pads 

104-105 are coupled via bondwires 110 and 111, respectively, to IC package pin 108, and die 

pads 106-107 are coupled via bondwires 112 and 113, respectively, to IC package pin 109. 

Bondwires 110-113 are used as inductors for the differential VCO circuit 103A. In the example 

configuration of FIGURE 5B, the bondwire inductance will be approximately 0.6 nH, as opposed 

to the 1.2 nH of FIGURE 5 A. Thus, the required capacitance in FIGURE 5B would need to be 

5.28 pF Accordingly, if the peak voltage (VpK)across the capacitor were the same 1 V (as in 

FIGURE 5 A), the peak current (IpK) in the inductor would be 132 mA. Thus, as compared to the 

prior configuration of FIGURE 5 A, the configuration of FIGURE 5B reduces the bondwire 

inductance, which allows greater power to be supplied to the resonant tank, thus decreasing the 

phase noise of the differential VCO circuitry. 

[0050]   FIGURE 6 shows an example flow diagram for coupling internal circuitry 

(e.g., resonant frequency circuitry) of an IC to the IC's package pins in accordance with one 

embodiment of the present invention. In operational block 601, a first carrier (e.g., bondwire) is 

coupled from the internal resonant frequency circuitry of an IC to a first pin of the IC's package, 

wherein the first carrier is to carry signals of a first polarity. For instance, in the example 

embodiment of FIGURE 1, a first bondwire 110 is coupled from the internal circuitry 101 to a 

first pin 108 of IC package 102, wherein bondwire 110 is to carry signals 114 of a first polarity 

(positive polarity) for resonant frequency circuit 103. 

[0051]   In operational block 602, a second carrier (e.g., bondwire) is coupled from 

the IC's internal resonant frequency circuitry to the first pin of the IC's package, wherein the 

second carrier is to carry signals having a polarity opposite that of the first polarity. For 
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instance, in the example embodiment of FIGURE 1, a second bondwire 111 is coupled from the 

internal circuitry 101 to the first pin 108 of IC package 102, wherein bondwire 111 is to carry 

signals 115 having a polarity (negative polarity) that is opposite the polarity of signal 114 carried 

by bondwire 110. 

[0052]   In certain implementations, the further optional blocks 603-605 may be 

performed in achieving a desired coupling of the internal IC circuitry with the IC's package pins. 

As described further below, blocks 603-605 provide for coupling the internal IC circuitry with 

additional pins of the IC package, which may be desirable for certain internal resonant frequency 

circuits, such as a differential VCO. In operational block 603, a third carrier (e.g., bondwire) is 

coupled from the IC's internal resonant frequency circuitry to a second pin of the IC's package, 

wherein the third carrier is to carry signals of a first polarity. For instance, in the example 

embodiment of FIGURE 1, a third bondwire 112 is coupled from the internal circuitry 101 to a 

second pin 109 of IC package 102, wherein bondwire 112 is to carry signals 114 of a first 

polarity (positive polarity) for resonant frequency circuit 103. 

[0053]   In operational block 604, a fourth carrier (e.g., bondwire) is coupled from 

the IC's internal resonant frequency circuitry to the second pin of the IC's package, wherein the 

fourth carrier is to carry signals having a polarity opposite that of the first polarity. For instance, 

in the example embodiment of FIGURE 1, a fourth bondwire 113 is coupled from the internal 

circuitry 101 to the second pin 109 of IC package 102, wherein bondwire 113 is to carry signals 

115 having a polarity (negative polarity) that is opposite the polarity of signal 114 carried by 

bondwire 112. 

[0054]   In block 605, the four carriers are arranged in the IC such that the 

neighboring carrier(s) of any given one of the carriers carry signals of opposite polarity relative 

to the polarity of signals carried by such given carrier. For instance, in the example of FIGURE 

1, bondwires 110-113 are arranged such that the polarity of signals carried by the bondwires 

alternates between every other one of the bondwires. That is, bondwires 110-113 are arranged in 

parallel, wherein, starting with first bondwire 110, every other one of the bondwires (bondwire 

112) carries signal 114 of positive polarity, and, starting with second bondwire 111, every other 

one of the bondwires (bondwire 113) carries signal 115 of negative polarity. As described 

above, this arrangement minimizes the inductance of the bondwires. 
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[0055]   It should be recognized that while the flow of FIGURE 6 refers to an IC's 

internal resonant frequency circuitry, it may be applied to any type of internal circuitry, 

particularly circuitry that uses the coupling (bondwires) as inductors. 

[0056]   While various embodiments are described above for coupling an IC's 

internal resonant frequency circuit to the IC's package pins, such embodiments are particularly 

applicable for circuitry that uses the coupling mechanisms (e.g., bondwires) as inductors in a 

resonant tank, such as is commonly used in filters or oscillators. Ideally, in such 

implementations, there should be no signal transmitted off of the IC through the relevant 

coupling mechanisms (e.g., bondwires) that are used as inductors. As described above, the 

coupling techniques of embodiments of the present invention enable the effective inductance of 

such coupling mechanisms (e.g., bondwires) to be reduced, thereby allowing for a reduction in 

noise to be achieved. 

[0057]   Although the present invention and its advantages have been described in 

detail, it should be understood that various changes, substitutions and alterations can be made 

herein without departing from the invention as defined by the appended claims. Moreover, the 

scope of the present application is not intended to be limited to the particular embodiments of the 

process, machine, manufacture, composition of matter, means, methods and steps described in 

the specification. As one will readily appreciate from the disclosure, processes, machines, 

manufacture, compositions of matter, means, methods, or steps, presently existing or later to be 

developed that perform substantially the same function or achieve substantially the same result 

as the corresponding embodiments described herein may be utilized. Accordingly, the appended 

claims are intended to include within their scope such processes, machines, manufacture, 

compositions of matter, means, methods, or steps. 
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